Background: Anakinra is the first interleukin-1 inhibitor to be used in clinical practice, and recent evidence showed that interleukin-1 plays a pivotal role in the pathogenesis of adult-onset Still disease (AoSD). However, data concerning efficacy with anakinra use in different clinical trials has not been evaluated, and the overall remission of AoSD with anakinra treatment has not been well defined. Methods: We conducted a search on Embase, PubMed, and the Cochrane Library for relevant trials. Statistical analyses were conducted to calculate the overall remission rates, odds ratios (OR), and 95% confidence intervals (CI), by using either random effects or fixed effect models according to the heterogeneity. Results: Of the 273 articles that were identified, 265 were excluded. Eight studies were eligible for inclusion. The overall remission rate and complete remission rate of anakinra in AoSD patients were 81.66% (95% CI: 69.51%-89.69%) and 66.75% (95% CI: 59.94%-75.3%), respectively. Compared with the controls, the use of anakinra was associated with a significant remission in AoSD, with an OR of 0.16 (95% CI: 0.06-0.44, P=0.0005). There were also significant reductions of the dosage of corticosteroid (mean difference =21.19) (95% CI: 13.2-29.18, P0.0001) from anakinra onset to the latest follow up time. Clinical and laboratory parameters were all improved, and anakinra was well tolerated in patients with AoSD. No evidence of publication bias was observed. Conclusion: Our study has shown that anakinra is effective in remitting the manifestations of AoSD, with reduction of the dose of corticosteroid in patients with AoSD. Further, anakinra therapy was not associated with increased risk of adverse events, and it was well tolerated in patients with AoSD. Further research is still recommended to investigate these findings.
Introduction
Adult-onset Still disease (AoSD) is a rare multisystemic inflammatory disorder manifested by a variety of clinical features, including high, spiking fever, evanescent skin rash, hepatosplenomegaly, lymphadenopathy, polyarthritis, and other systemic symptoms. 1, 2 The pathogenesis of AoSD is currently unclear, 3 and the therapeutic strategies of AoSD can be varied according to its clinical presentation. [4] [5] [6] Nonsteroidal anti-inflammatory drugs (NSAIDs) and corticosteroids are commonly used as firstline agents for AoSD, 7, 8 and if first-line treatment is ineffective, disease-modifying antirheumatic drugs (DMARDs), such as methotrexate are added. 9 Corticosteroids can control the manifestations of AoSD in about 65% of patients, 10 and the response to corticosteroids is often quick, within a few hours. 11, 12 However, corticosteroids easily induce dependence -steroid dependence occurred in 42% of the cases in one study.
Long-term steroid exposure in patients carries the potential for serious side effects, such as infection. 6 Currently, many patients need other options to control the clinical presentation of the disease or to reduce corticosteroid dependence.
Hence, in clinical practice, physicians are often prone to adopt other therapeutic strategies, even in the absence of large-scale clinical trials data. The blockade of the interleukin-1 (IL-1) pathway has emerged as a new therapeutic strategy since recent evidence showed that IL-1 could play a pivotal role in the pathogenesis of AoSD. [14] [15] [16] Anakinra is the first IL-1 inhibitor to be used in clinical practice. 17 Rudinskaya and Trock 18 reported the first case of the treatment of AoSD with anakinra in 2003, including just one patient, and it was shown to rapidly improve the clinical symptoms and laboratory disease activity markers of AoSD. To date, there is little information on treatment efficacy of anakinra in AoSD, with a paucity of prospective doubleblinded randomized trials, but one important randomized controlled trial (RCT) has demonstrated its rapid efficacy in patients with rheumatoid arthritis. 19 Indeed, anakinra is the most commonly described anti-IL-1 agent. In 2007, two case series including eight subjects described a good efficacy of anakinra in steroid-and DMARD-refractory AoSD with systemic symptoms; 14, 20 however, the data concerning efficacy with anakinra treatment has not been evaluated in different clinical trials, and the overall remission of AoSD with anakinra treatment has not been well defined. AoSD is a rare multisystemic disorder, which if not accurately treated in time, can progress to death. The treatment strategies are poor currently, therefore, we conducted this systematic review and meta-analysis to summarize the results of studies and evaluate the evidence for efficacy and safety of anakinra in AoSD.
Methods

Search strategy and study selection
We searched Embase, PubMed, and the Cochrane Library database from onset to August 15, 2014 , using the following search terms treated as Medical Subject Headings (MeSH) terms or free text: ("adult onset Still's disease" or "adult onset stills disease" or "adult onset Still disease" or "Still's disease" or "stills disease" or "still disease" or "Still's Disease, AdultOnset") and ("Interleukin 1 Receptor Antagonist Protein" or "anakinra"). Additionally, we searched the clinical trials registry (ClinicalTrials.gov) to obtain information on the registered clinical trials. The detailed search strategy is given in Figure S1 .
The following criteria were used for inclusion for study selection: (1) patients were diagnosed with AoSD according to the preliminary classification by Cush et al, 21 Yamaguchi et al, 22 or Fautrel et al; 23 (2) studies that reported the efficacy of anakinra in AoSD patients; and (3) prospective or retrospective studies with or without a control group. Studies were excluded if they did not show sufficient data, such as number of patients with partial response or complete response, results of clinical and laboratory parameters, the dose of corticosteroid in the treatment, or the adverse events for anakinra in AoSD patients.
Data extraction and quality assessment
Data extraction was conducted by two independent investigators (DSH and ZHY), and discrepancies were identified and resolved by consensus. For each study, the following information was extracted: year of publication, first author's name, treatment arm, mean duration of follow up, number of patients in the treatment and control groups, number of patients with partial response or complete response in the treatment, number of patients with adverse events in the treatment, measurements of clinical and laboratory parameters (including C-reactive protein [CRP] , erythrocyte sedimentation rate [ESR] , and arthritis symptoms) in the treatment.
A quality score for each study was determined according the earlier reports, using consequential binomial parameters (Table S1) . 24, 25 Each parameter was given a numerical score of 0 or 1, with an overall quality score ranging from 0 to 10. Studies with a quality score of 5 were rated as poor, while those 5 were rated as high.
Data synthesis and statistical analysis
For the calculation of remission rate, the number of patients with partial response or complete response in the anakinra group, and the total number of patients receiving anakinra were extracted from the selected clinical trials; for each study, the proportion of patients with remission rates and the 95% confidence interval (CI) were derived. The remission rate of anakinra therapy versus controls was expressed as odds ratio (OR) with 95% CI. Heterogeneity was assessed by using the Q statistic and I 2 tests among trials. 26 Heterogeneity was considered statistically significant when P0.1 (for heterogeneity) or I 2 40%. 27 If heterogeneity existed, the data was analyzed using a random effects model; if heterogeneity did not exist, a fixed effect model was used. A statistical test with a P-value less than 0.05 was considered significant. The presence of publication bias was evaluated by using funnel plots. 27 All statistical analysis was performed by using R software, 
Results
Description of studies
A total of 273 potentially studies were reviewed, and 265 were excluded (Figure 1) . The remaining eight studies, 13, [28] [29] [30] [31] [32] [33] [34] with 134 subjects, that met our inclusion criteria were included in our analyses. The major baseline characteristics of the eight studies are listed in Table 1 . The studies included one RCT 29 and seven observational studies. 13, 28, [30] [31] [32] [33] [34] The geographical distribution of these studies was over various countries, with four studies from France, 13, 28, 31, 34 two from Greece, 32, 33 and one from Italy. 30 One RCT included 22 patients from ten centers in Finland, Norway, and Sweden. 29 These studies were all published between 2010 and 2014, and the dose of anakinra was 100 mg/day. The sample size of each study ranged from six to 28 treated patients. The majority of the studies were of good quality (mean quality score =6), as shown in the detailed information given in Table S1 .
We performed this meta-analysis in accordance with the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement (Table S2) . 35 
Efficacy of anakinra in AoSD patients
Eight studies, 13, [28] [29] [30] [31] [32] [33] [34] with a total of 134 subjects, investigated the effect of anakinra in AoSD remission. The remission rate at latest follow up was significantly increased in all studies, ranging from 50% to 100%. The highest remission rate was seen in the study by Iliou et al 33 in which ten out of 44 patients (22.7%) were treated with anakinra, and a response was achieved in all of them. The complete remission rate ranged from 57% to 84%, and the highest complete remission rate was reported by Laskari et al 32 who found a complete response for all disease-related symptoms (clinical and laboratory) within a median 3 months, in 80% of patients. Based on the data from these studies, the overall remission rate and Six patients with methotrexate (10-25 mg weekly, oral), three patients with azathioprine (1-3 mg/kg/day, oral), and one patient with leflunomide (20 mg/day, oral). Abbreviation: DMARD, disease-modifying antirheumatic drugs.
complete remission rate of anakinra in AoSD patients were 81.66% (95% CI: 69.51%-89.69%) and 66.75% (95% CI: 56.94%-75.3%), respectively ( Figure 2 ).
Of note, to investigate the specific contribution of anakinra to the AoSD and exclude the influence of confounding factors, we determined the OR of anakinra in AoSD patients. Figure 2 shows the forest plot for the four controlled studies 13, 29, 30, 33 that investigated the remission effect of anakinra in AoSD patients. As can be seen from this figure, the meta-analysis of these studies suggests that anakinra was associated with significant remission in AoSD when compared with controls (OR=0.16, 95% CI: 0.06-0.44, P=0.0005) (Figure 2 ), according to the fixed effects model.
Efficacy of anakinra as a steroid-sparing agent
Six studies, [28] [29] [30] [31] [32] 34 with a total of 105 subjects, showed the effect of anakinra as a steroid-sparing agent. The average dose of corticosteroid was reduced in the anakinra-treated patients of all six studies, although the exact values for the change between baseline and latest follow up were described just in two studies.
Two studies, 28, 31 showed the definite changes of corticosteroid dose from anakinra onset to latest follow up time, and the pooled analysis showed a significant reduction of the dosage of corticosteroid (mean difference =21.19 mg/day) (95% CI: 13.2-29.18, P0.0001) ( Figure 3 ). The cases of discontinued use of steroid was reported in three studies, 28, 29, 32 and the overall frequency of discontinuance of oral corticosteroids was 36.9% (95% CI: 24.01%-51.98%) ( Figure 3 ). The controlled trial by Nordström et al 29 also showed that three patients on anakinra, but none on DMARD, were able to discontinue oral corticosteroids.
Efficacy of anakinra on clinical and laboratory parameters
Four studies 28, 29, 31, 32 investigated the changes of CRP, and the conclusion was consistent. The values of CRP were markedly declined over long duration of follow up in patients treated with anakinra (Table 2) .
Three studies 28, 31, 32 have clear descriptions of the change in ESR in patients treated with anakinra. All three studies reported a diminution in the average value of ESR, from anakinra onset to latest follow up, and the greatest change was seen in an uncontrolled study in which the mean level of ESR was 75 mm/h at anakinra onset was decreased to 4 mm/h at the last visit (Table 2) .
Three studies 28, 31, 32 observed the effect of anakinra on arthritis symptoms (tender joint count [TJC] and swollen joint count [SJC] ). Of these, three studies, 28, 31, 32 with uncontrolled and open design, were able to demonstrate marked improvement in these parameters with anakinra for AoSD when values for the last visit were compared with those at anakinra onset. Compared with baseline, in a study by Lequerré et al 28 the patients in the anakinra arm had statistically lower parameters of arthritis symptoms (P=0.0002 for TJC and P=0.0005 for SJC) ( Table 2 ).
Safety of anakinra in AoSD patients
Five studies 28, 29, 31, 32, 34 reported the adverse events related to anakinra use in AoSD patients, and showed it was well tolerated in all study populations. The mainly adverse event was skin rash in five subjects in three studies, 28, 31, 34 which led to the withdrawal of anakinra. Three patients developed a severe urticarial reaction after the first treatment (one patient at 1.5 months and two patients at 3 months), leading to discontinued therapy. 32 One open, randomized, and multicenter study 29 noted that three patients had serious adverse events, 28 Nordström et al 29 Cavalli et al 30 Gerfaud-Valentin et al 13 Giampietro et al 31 Laskari et al 32 Iliou et al 33 Giampietro et al 34 Lequerré et al 28 Cavalli et al 30 Giampietro et al 31 Laskari et al 32 Giampietro et al 34 Nordström et al 29 Cavalli et al 30 Gerfaud-Valentin et al 13 Iliou et al 33 the state of patients with AoSD worsened in two out of ten patients in the control (DMARD) group and only one out of 12 patients on anakinra. The incidence of adverse events ranged from 5.26% to 13.33%, and the overall incidence was 9.54% (95% CI: 5.03%-17.36%) (Figure 4) according to pooled analysis. 28, 29, 31, 32, 34 Further, we performed the pooled analysis to acquire the incidence of rash with anakinra in AoSD patients (proportion =8.56%) (95% CI: 3.60%-19.03%) (Figure 4) . 28, 31, 34 
Publication bias
No significant evidence of publication bias was observed for the remission rates with anakinra in AoSD patients, in the analysis by funnel plot ( Figure 5 ).
Discussion
The main objective of this meta-analysis was to evaluate the evidence for the use of anakinra in AoSD. The highest strength of clinical evidence comes from RCTs, but there is a lack of such high-strength trials explaining the effects of anakinra in AoSD. The reason for the absence of RCTs among patients with AoSD are challenges related to the disease, such as (1) the difficulty of identification and initial diagnosis of AoSD, which makes it difficult to conduct planned treatments; (2) the prevalence of the disease is rare, with an annual incidence of 0.16 cases per 100,000 people, 36 leading to difficulty in recruiting sufficient numbers of patients; and (3) the heterogeneity of clinical symptoms. Hence, we strictly applied inclusion criteria to collect the data from clinical trials and included observational studies for the pooled analysis, to increase the clinical samples and to improve the statistical power of the findings, and provide more valuable and accurate insights into the treatment efficacy of anakinra in AoSD.
The pathophysiological processes underlying AoSD are not completely understood. The role of proinflammatory cytokines has been mentioned because high levels of IL-1, IL-6, and tumor necrosis factor (TNF)-α have been observed in patients with AoSD. 37, 38 In patients with AoSD, serum levels of IL-6 are raised and correlate with systemic symptoms, such as fever, hepatic dysfunction, and raised serum CRP levels. 39, 40 Tocilizumab, an IL-6 inhibiting agent, was found to control the disease activity in some patients with AoSD. 
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Lequerré et al 28 Nordström et al 29 Giampietro et al 31 Laskari et al 32 Giampietro et al 34 Lequerré et al 28 Giampietro et al 31 Giampietro IL-1, a cytokine inducing release of IL-6 and upstream molecules in the inflammatory cascade, 42 may represent a suitable target for the treatment of AoSD.
The results of this pooled analysis suggest significant increases in remission rates among anakinra-treated patients. The remission rates included partial or complete remission. Partial remission was mainly defined as improvement in some related clinical or laboratory manifestations of AoSD, and complete remission was defined as the resolution of all clinical and biologic AoSD symptoms, under anakinra treatment. 43, 44 The remission rate is widely used in AoSD clinical trials owing to its importance to the prognostic evaluation of AoSD. 9, 45, 46 A significant increase in the remission rate was reported by all the included studies, and we also found that anakinra significantly increased remission in AoSD when compared with controls. Some of the included studies 31 also reported that patients who had previously failed to respond to conventional therapy with corticosteroids, NSAIDs, and DMARDs had a long-lasting remission of AoSD under anakinra treatment.
The steroid-sparing effect of anakinra was demonstrated in six of the included studies, and significant reduction was reached from anakinra onset to the latest follow up in two of them. 28, 31 Steroid is effective in controlling AoSD, and the response to steroid is often quick, within a couple of hours or a few days. 47, 48 However, steroid dependence easily occurs and can induce adverse events. According to Gerfaud-Valentin et al 13 of 51 patients treated with steroids, 49 received them as a first-or second-line treatment, and 75% of patients developed various adverse events, such as Cushing syndrome (n=19), osteoporosis (n=8), aseptic osteonecrosis (n=5), corticosteroid-induced diabetes (n=4), high blood pressure (n=4), cataracts (n=3), psychiatric disorders (n=3), and infectious diseases (n=2). Furthermore, the steroid used in AoSD would increase the risk of infectious complications and of serious harm associated with long-term steroid treatment. [49] [50] [51] Hence, reducing the dose of steroids used is beneficial for patient with AoSD. Among the clinical and laboratory parameters, reduced CRP and ESR levels, and improved arthritis symptoms (TJC and SJC) have all been shown to relate with activity of disease, and these parameters are routinely used in clinical practice to monitor patients with AoSD. 52, 53 Patients with AoSD tend to have higher CRP and ESR levels, and arthritis damage symptoms, with higher TJC and SJC, compared with those without AoSD. Three of the included studies 28, 31, 32 showed that anakinra could normalize the level of ESR and improve arthritis symptom parameters; four of the included studies 28, 29, 31, 32 showed that anakinra could normalize the level of CRP. Hence, on the base of available data, it is possible to conclude that anakinra is beneficial in improving clinical and laboratory parameters among patients with AoSD.
AoSD is associated with a higher risk of infection, and some AoSD treatment agents, such as corticosteroid, 54 may be associated with an increased risk of infection, rather than a decreased risk of infection. In one recent study, 55 9.8% AoSD patients in the long-term prednisone-treated group died because of pulmonary infection, and the mortality rate in this study was higher than that in other reports. 29, 33 Deaths in AoSD patients owing to infections were also reported by other studies. 56, 57 In all of the included studies, the adverse event of infection was not reported in any of patients treated with anakinra, and anakinra as initial therapy was not associated with increased the risk of infection in patients of AoSD. This meta-analysis showed that the main adverse event was skin rash, and according to Nordström et al 29 anakinratreated patients had a lower risk of infection than the control (DMARD) group. Hence, based on the existing data, anakinra was well tolerated in patients with AoSD.
Compared with other biologics, anakinra had higher remission rates with patients of AoSD. In study by GerfaudValentin et al 13 of 17 patients on other biologics, only eight (47%) had successful control of the disease; however, anakinra led to remission in five of six (83%) patients after a mean follow up of 27.8 months. In another study by Cavalli et al 30 15 of 19 patients with AoSD responded to anakinra (79%), and only four of eleven patients responded to other biologics, including tocilizumab, etanercept, and adalimumab (36%).
Our meta-analysis strictly applied inclusion criteria to collect the relevant literature of AoSD patients treated with anakinra, and significant heterogeneity was not observed. However, some limitations did exist. First, as pointed out earlier, there was paucity of well-designed trials on the use of anakinra in patients with AoSD. The quality assessment of studies was indeed high, but the sample sizes in all included studies were small. Although some of included studies showed statistically significant results, these may not translate to clinical practice directly. Second, there were many case reports [58] [59] [60] that described the effect of anakinra in patients with AoSD, and analysis of those report might have obtained other useful information, but we choose to exclude case reports due to their low strength of evidence. Third, the included studies were performed at various international institutions by different investigators and may have had some bias in reporting the types of result, suggesting publication and language bias may have existed. Finally, all eight studies included in the analysis were from Europe, and limitations related to environment and race may have existed.
Finally, despite these limitations, the present metaanalysis provides some clinical reference for the treatment of AoSD. Corticosteroids are the first-line treatment for rapid remission of relevant symptoms of AoSD; then, if manifestations of AoSD are improved, the dose of corticosteroid could be reduced, and anakinra, as second-line agent, could be introduced.
Conclusion
Our study has shown that anakinra is effective in remission of the manifestations of AoSD, with reduction of the dose of corticosteroid in patients with AoSD. Further, anakinra therapy was not associated with increased risk of adverse events in patients of AoSD and was well tolerated in patients with AoSD. Further research is still recommended to investigate these findings.
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